Medullary and glomerular amyloidosis, papillary necrosis, and secondary interstitial disease were diagnosed in eight related adult Abyssinian cats from two catteries. The lesions were similar to those in two unrelated mongrel cats with renal amyloidosis. Ultrastructurally, the patterns of amyloid deposition were as described in other species, although medullary deposition predominated. Potassium permanganate oxidation blocked Congo red staining of the deposits suggesting that they contained amyloid A protein (secondary amyloid). The disease may be a model of familial secondary amyloidosis and offers an opportunity to study the pathogenesis of both amyloid deposition and papillary necrosis.
We recently described renal amyloidosis in eight genetically and environmentally related Abyssinian cats.' The renal lesions noted in these cats were similar to those found in secondary amyloidosis of other cats: l4 but the predominant medullary deposition and weak Congo red affinity of feline renal amyloid can result in a diagnostic challenge because severe chronic secondary lesions may be present. This paper describes in detail the light and electron microscopic features of Abyssinian familial renal amyloidosis and discusses possible pathogenesis for the lesions.
Materials and Methods
The case material includes eight young adult Abyssinian cats, three related kittens (3-8 weeks of age) from the same cattery, and two non-Abyssinian adult cats with renal amyloidosis and papillary necrosis. Detailed clinical findings on the eight adult Abyssinian cats are reported elsewhere.' Complete necropsies were done on three of the adult Abyssinian cats and no generalized amyloidosis was found although the adrenal gland of one cat and the thyroid glands of two cats contained amyloid. The three kittens were euthanatized to obtain kidney tissue, and no clinical data is available on the two non-Abyssinian cats. Case numbers and ages of the Abyssinian adult cats are presented in table I.
All kidneys were fixed by immersion in phosphate-buffered formalin. Appropriate sections from each cat were embedded in paraffin and sectioned at 2 pm for hematoxylin and eosin (HE), periodic acidSchiff (PAS), Masson's trichrome, periodic acid-methenamine silver, and colloidal iron stains."
Six and 12 pm sections were cut for alkaline Congo red staining with and without prior potassium permanganate o~idation'~.~' and for thioflavine-T ~taining.'~ Formalin-fixed tissue from three adult Abyssinian cats was post-fixed in osmium tetroxide and embedded in epon. Selected areas were thin-sectioned, stained with lead citrate and uranyl acetate, and examined on an electron microscope. The principal lesions noted (medullary amyloid, papillary necrosis, chronic tubulointerstitial nephritis, and glomerular amyloid) were ranked by severity. Correlations between lesions were tested for significance with the Spearman rankcorrelation coefficient procedure.'*
Results
Gross observations: Kitten kidneys were normal. Kidneys from the adults (8 Abyssinian and 2 non-Abyssinian) were firm, pale, and slightly smaller than normal. Four had mild to severe irregular pitting of the capsule associated with linear bands of fibrosis extending into the inner medulla. The renal papillae were white and irregular in all cats, but the cortex was normal except for the fibrotic lesions.
Light microscopy: All adult cats had mild to severe deep medullary deposition of weakly eosinophilic hyaline material in diffuse interstitial masses and discrete vascular subendothelial and/or tubular subepithelial 5 to 10 pm nodules ( fig. 1 ). Glomerular hyaline deposits ( fig. 2 ) were more variable, ranging from minimal multifocal and segmental (2 cats) to severe diffuse and fig. 1 ). The remaining two Abyssinian adult cats had blunted papillae with early sclerosis and epithelial repair following loss of the necrotic tissue. No other reaction to the papillary necrosis or hyaline material was noted in the deep medulla. The three Abyssinian kitten kidneys were normal. Tubular and interstitial lesions included mild to moderate tubular dilatation with rare casts, radiallyoriented bands of fibrosis extending from capsule to deep medulla, and variable lymphoplasmacytic cellular infiltrates. One cat had numerous eosinophils present in the cellular infiltrates. In the fibrotic areas, tubular atrophy with variable epithelial degeneration and regeneration was noted. Intraluminal oxalate crystals commonly were observed in cortical convoluted tubules of the three most severely affected kidneys. Bowman's capsules were thickened markedly in areas of scarring but glomerular capillary basement membranes were not.
Histochemistry: In thioflavine-T-stained sections, the hyaline material was strongly fluorescent when excited by ultraviolet light (figs. 3, 4). It had variable moderate Congo red affinity with yellow-green dichroism and apple-green birefringence typical of feline amyloid when viewed with polarized light. The Congo red &inity was abolished by potassium permanganate oxidation of 6 pm but not 12 pm sections. The material was weakly PAS-positive and non-argyrophilic except in necrotic tubules and segments of some glomerular tufts where periodic acid-methenamine silver-positive epimembranous spicules were noted in two adult Abyssi-nian cats ( fig. 2 ). The non-argyrophilic hyaline material was predominantly within basement membranes of glomerular capillaries ( fig. 2 ) and deep medullary tubules ( fig. 1 ) in the periodic acid-methenamine silverstained sections. Tubular basement membranes were thicker than normal within fibrotic areas, the outer stripe of the outer medulla and the non-necrotic inner medulla of periodic acid-methenamine silver-stained sections. In colloidal iron-stained sections, glomerular tufts containing hyaline deposits were simplified with few iron-positive capillary basement membranes. No qualitative differences were noted between the adult Abyssinian cats and the two non-Abyssinian adult cats. The kidneys of the kittens were normal.
Ultrastructural pathology: The renal medulla contained vascular subendothelial, tubular subepithelial, and interstitial osmiophilic fibrillar deposits in all three cats examined. The subepithelial deposits were associated with intercellular space expansion and loss of the basolateral cellular interdigitations of collecting duct epithelium ( fig. 5 ). Thin Henle's loops also contained subepithelial fibrillar deposits. Tubular basement membranes were irregular and laminated in some areas and tubular atrophy with thick basement membranes containing alternating layers of amyloid fibrils and membrane material were noted. The medullary interstitial deposits were less discrete than the tubular subepithelial deposits but had the same fibrillar nature. Glomerular fibrillar deposits were present in mesangial and subendothelial regions of two cats with occasional extension through the basement membrane to form tightlypacked, radially-oriented bundles beneath visceral epithelial cells ( fig. 6 ). Marked foot process effacement and intracellular dense granular deposits were noted in visceral epithelial cells. Intracellular amyloid fibrils amyloid deposition, papillary necrosis, and interstitial rarely were noted in visceral epithelial cells. The fibrils fibrosis. The amyloid easily may be overlooked due to were non-branching and 10 to 15 nm in diameter its weak staining reactions, and alternative diagnoses ( fig. 7) . include chronic toxic nephrosis or infarction, amyloi-Analysis of data: When ranked by severity and statis-dosis with concurrent immune-complex disease, and tically evaluated by the Spearman rank correlation chronic pyelonephritis. Toxic damage should produce coefficient technique,I2 the medullary amyloid deposi-a more irregular and diffuse scarring than seen here. tion, papillary necrosis, and tubulointerstitial lesions Because of the presence of oxalate crystals, a diagnosis were found to have significant positive correlation. of ethylene glycol toxicosis could be considered. How-Glomerular amyloid and animal age were not corre-ever, the presence of oxalate crystals is not definitive lated to medullary amyloid deposition (table I) .
for ethylene glycol intoxication when found in severely damaged feline kidneys. Chronic infarction generally Discussion does not produce linear fibrosis extending deep into the The renal lesions in these Abyssinian cats were char-medulla as seen in these cats. Glomerular epimembranacterized histologically by predominantly medullary ous argyrophilic spikes in periodic acid-methenamine silver-stained kidney sections usually implies immunecomplex deposition, but since epimembranous bundles of amyloid fibrils may be argyrophilic? other techniques must be employed to distinguish immune complexes when amyloid is present. No ultrastructural evidence of immune-complex deposits was noted in the Abyssinian cats. Chronic pyelonephritis is a more difficult diagnosis to eliminate because deep linear fibrosis and papillary necrosis are features of pyelonephritis. 8 Correct diagnosis is dependent upon identifying amyloid deposits. Tissue sections must include the deep medulla since glomerular amyloid deposition may be minimal. Sections 12 pm thick are recommended for special stains for optimal dye affinity" and thioflavine-T rather than Congo red staining is suggested since this technique often stains feline amyloid more intensely than Congo red.14 Congo red is not a definitive stain for feline renal amyloid because of its variable affinity for this dye. The hyaline material in the Abyssinian kidneys had the typical histochemical and ultrastructural characteristics of amyloid. These characteristics are related to the beta-pleated sheet configuration of the predominant proteins in amyloid deposits. Immunoglobulin light chains, polypeptide hormones, prealbumin, and serum amyloid A-related protein are among the proteins which may form amyloid deposits, and each protein is associated with specific syndromes.' Amyloid A protein is found in secondary amyloidosis, and, with one exception," is the only Congo red positive amyloid protein susceptible to potassium permanganate oxidation. 19,'0 The amyloid in these Abyssinian cat kidneys was susceptible to potassium permanganate oxidation of 6 pm thick sections suggesting that it may be secondary amyloid. However, marked variation in the degree of potassium permanganate oxidation related to section thickness was noted. In species such as the cat where presumed secondary amyloid exhibits variable Congo red affinity and has not been characterized biochemically, some caution in interpretation seems warranted. If our interpretation is correct, renal amyloidosis in Abyssinian cats is a spontaneous animal model of familial secondary amyloidosis. In man, familial Mediterranean fever6 is a disease characterized by recurrent peritonitis, fever, and nephropathic secondary amyloidosis. It is inherited as an autosomal recessive trait.
The high incidence of amyloidosis in genetically related cats suggests a familial disease and prospective breeding studies are now in progress to define the genetic nature of the disease. The possibility of an environmental influence must be considered because stress such as crowded housing may induce amyloidosis in ducks. 3 The lack of significant correlation between age and lesion severeity ( Deep medullary vascular and interstitial amyloid deposits could physically impair medullary perfusion and/ or alter the function of prostaglandin-producing medullary interstitial cell^.'^^ l6 Necrosis may be related to impaired prostaglandin-mediated modulation of renal blood flow and its intrarenal distribution. We suggest that it is the medullary amyloid deposition which induces papillary necrosis and subsequent chronic fibrosis in these cats. The mechanism for predominantly medullary amyloid deposition is unknown and, despite the implications for specific genetic factors in the Abyssinian cat, medullary amyloid deposition with papillary necrosis is found occasionally in non-Abyssinian cats. Renal medullary deposition of amyloid and papillary necrosis also have been described in the rabbit'. lo and subepithelial and subendothelial medullary amyloid deposition has been characterized ultrastructurally in the guinea pig." The observation of glomerular tuft simplification in colloidal-iron stained sections of cats with glomerular amyloid deposition suggests reduction of glycosaminoglycan capillary membrane filtering surface. I I
